from their vertical position. The sensors mounted in the lower part of a suspender shift to the center of the bunker (Fig. 1) .
Since "the fastest spontaneously heated layers of fodder are located at a height of 1.5-2 diameters (width) of silage from the bottom of a bunker" as well as "most fi res occur in a silos in the conical part" (Verzilin and Povzik, 2007) , it is important to measure the temperature in these parts of the bunker most accurately. However, as is evident from the fi gure, MTT's sensors move to a maximum distance exactly in the lower part of the bunker. So, it is necessary to take out the sensors from the most dangerous area of the grain mass that remains without adequate monitoring. It should be noted that the signals from the sensors continue to be transmitted regularly to recording devices of a control system. This situation can lead to incorrect processing by the monitoring system, because of the fact that the sensors are not already located in their specifi ed coordinates, but are shifted toward the center of the bunker. Thus, the safety suffers, and the fact of fi nding thermal sensors in the grain mass loses meaning. This can lead to a great deal of trouble for grain storage.
The lower ends of the MTTs can be docked to the bottom of the bunker (its conical part) to prevent their deviation from the vertical position. The phenomenon of multiplying the efforts is observed when the fl ow of granular substance is directed along the oblong object (rod or fi ber). It is caused by a transverse load, when the angle between the vector of this load and the normal to the oblong object is small. The mechanism of this phenomenon is the following. The force on the oblong object (rod or fi ber) is equal to the load in the direction transverse to the axis of the object, divided by the sine of the angle between the axis of the object and the perpendicular to the vector of the load:
where F 2 is the stretching force in a multipoint temperature transmitter; F 1 is the load transverse to the oblong object, and α is the angle between the force F 2 and the perpendicular to the vector of the load F 1 .
The angle α is the angle of the deviation of MTTs from their original position because in our case the lateral load is presented by the impact caused by the outfl ow of granular substance (Fig. 2) .
The tensile strength of modern multipoint temperature transmitters is quite high -up to 30 kN (3 t) (Temperature Measurement Cable ET910), but it is not enough as a rule. The stretching efforts of multipoint temperature transmitters docked on the lower end lead to their breakdown. Some studies are devoted (Reshetnev, 1987) to the utfl ow of granular substances from bunkers, however, the question of tension of MTT in the discharging environment remains little studied. Special studies are required for the development of the technologies for monitoring the key parameters of the bulk of granular substance, and especially in the most dangerous area, i.e., in the bottom of the bunker.
To start developing appropriate technologies, it is necessary to understand the tensile effort values in the case of the same MTTs installed in different locations of the bunker. Are tensile effort values identical or different? It was the task of our study.
Discharge of a granular substance exerts an effect on the tension forces around the multipoint temperature transmitters. In order to determine the efforts developed in MTTs, we have to understand the events taking place around them and to quantify all forces in these events at any time. Since it is a very complex process, we need to make either numerical investigations or a physical experiment.
In (Sadovskaya and Sadovsky, 2003) , the loose status of the environment is described by Mises-Schleicher's condition of the toughness and the shift to ductile status -by the Mises yield condition, but for semi-infi nite environment. In relation to real conditions, this is not obvious. In (Shkola et al., 2012 ) the solutions are provided for stresses experienced by closely spaced walls, which is the opposite extreme. An experiment may show how to correctly build a mathematical model of the process relying on these patterns.
Thus, the purpose of this work is experimental elucidation of the infl uence of the place of installation of MTTs in a bunker on the tensile force in them when a granular substance is discharged in laboratory conditions, which presents the novelty of the study.
RESEARCH METHODOLOGY AND EXPERIMENTAL SETUP
To achieve the desired purpose, we should answer the question: what is the tension force of the same multipoint temperature transmitters, located in different places of the bunker? To do this, three identical suspenders (models of MTT) were made from steel rope in a polymer shell. They were installed vertically at the specifi ed distance from the axis of symmetry of the bunker. The bottom ends of the suspenders were fi xed by hinges at points on the bottom tapered part of the bunker on specifi ed radii with an angle of 120 o between them. The upper ends of the suspenders were fastened through dynamometers by hinges to a rigid rack of the experimental setup at the same distances from the axis of symmetry of the bunker.
The study was performed in the laboratory, therefore we used a unique experimental setup that models proportionally the reduction of the bottom part of real silo. As mentioned above, it is the most dangerous part of the bunker. The critical distance is 1.5-2 diameters of the bunker over the discharge contraction. Therefore to model an experimental setup a working vessel was chosen in the form of a vertical cylinder, tapering at the bottom to a cone with a height of the cylindrical part equal to 3.5 diameters.
The principal scheme of the experimental setup is presented in Fig. 3 . Models of real multipoint temperature transmitters 1 are fastened through dynamometers 2 to hard rack 3. In conducting the experiments we used digital dynamometers, running by piezo-effect and therefore not causing any noticeable stretching of suspenders. The granular substance is loaded into cylindrical working vessel 4 with vertical linear scale 5 overlaid on side surface. When opening the locking mechanism 6, loose substance through discharge chute 9 enters receiving box 10, located on scale 11. Readings of dynamometers 2, the level of the free surface tracked on scale 5 and the weight of the discharged substance from the working vessel according to the readings of scales 11 is controlled by video cameras 7. Each camera is watching an indicator of "personal" parameter and the same clock 8. For mix of readings of the clock and scale weights in the fi eld of view of the camera a system of mirrors is used. Strict snapping of all parameters to time allows us to synchronize the tensile forces in all suspenders with level and integral density of discharged granular substance.
Since the working vessel in the experimental setup has the linear dimensions (diameter 270 mm) by an order of magnitude (10-40 times) less than real bunkers, the
FIG. 3:
Principal scheme of the experimental setup: 1) suspenders (models of multipoint temperature transmitters); 2) dynamometers; 3) hard rack; 4) working vessel; 5) dimensional scale; 6) lock mechanism; 7) camcorders; 8) timer; 9) discharge chute; 10) receiving box; 11) scales; 12) mirror corresponding thickness of the suspenders in experiments should also be substantially less than the diameter of the real multipoint temperature transmitters. The diameters of the applied multipoint temperature transmitters range from 8 to 60 mm. So, we decided to determine the diameter of the suspender model equal to 2 mm. The typical sizes of granular substance particles must also be proportionally reduced. It is important that all the key characteristics of the model substance (bulk density, porosity, compressibility, thermophysical properties) remained identical to the characteristics of simulated substance. As a model substance for simulating real grain mass of wheat we took semolina.
EXPERIMENTAL PROCEDURES

Series No. 1
Suspenders 1 are mounted vertically equidistantly from the axis of symmetry of working vessel 4. The radius of mounting is equal to 85 mm at the vertices of an equilateral triangle. Locking mechanism 6 is closed. Working vessel 4 is fi lled with granular substance.
At the start of the experiment lock 6 opens. At the same time camcorders 7, dynamometers 2, and timer 8 are turned on.
Granular substance is discharged from the working vessel, the readings of the indicators of working parameters are recorded. When the bunker is emptied, all measurement system units are turned off and the locking mechanism is closed. The cycle of described manipulations is repeated multiple times for a set of statistics.
It should be noted that to achieve the goal set in the present work, it is necessary to register tensile forces in all suspenders at the same time.
Series No. 2
Suspenders are mounted vertically at different distances from the axis of symmetry of the working vessel: one at a distance of 37 mm, the second at 85 mm (remains on same place, as in series No. 1 of experiments), the third at 118 mm. The next cycle described above is carried out, identical to series No. 1 of experiments.
RESULTS AND DISCUSSION
Typical results of experiments with suspenders installed at the same distance from the axis of symmetry of the working vessel and at different distances are shown in Figs. 4 and 5, respectively.
As it can be seen from the graphs, when the suspenders are mounted at the same distance from the axis of symmetry of the vessel, a change in the tension in suspenders is nearly in sync. When the suspenders are mounted at different distances, discrep- ancy in the dependence of tension on time is observed. For the suspender that does not change the position, the curves in both series of experiments differ less than in the graphs of tension for suspenders located elsewhere.
We can see that all dependences of tension on time have maxima, but the manifestation and position of those maxima vary for different places of mounting the suspenders. For simultaneous stretching of suspenders, which are mounted in different places of the bunker, a clear maximum offset was observed toward large time values at increasing distances from the axis of symmetry of the vessel. The descending branches of curves are approximately parallel, while the inclination is markedly different.
SUMMARY
For the fi rst time a laboratory experiment was carried out on the determination of the effect of multipoint temperature transmitters mounted in the bunker on their tension at discharge of granular substance. When suspenders are mounted at different distances from the axis of symmetry of the vessel, different stretching forces take place. The differences are expressed both in absolute values and in the dynamics. The dependences of tension on time for vertically mounted suspenders have a maximum. The position of the maximum in these dependences is shifted towards larger values of time with increase in the distance from the axis of symmetry of the vessel.
In future it is planned to carry out experiments with a larger number of suspenders, use suspenders of different diameters, and to compare the results with calculated values. 
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